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Abstract 
The purpose of this study was to analyze the swing characteristics of the kicking leg in order to elucidate the 
technical mechanisms of the drive curve shot (topspin curve shot). The orientation of the ankle joint at the point of 
ball impact closely resembles the orientation during a general curve shot or inside shot. Moreover, for the ankle joint 
movement at the point of ball impact, there is less mediolateral movement (y direction) compared to a curve shot, and 
more movement in the vertical direction (z direction). Based on the fact that the angle of the vertical rotational axis at 
that point is larger than that in other shots, this is likely to be one of the factors in generating topspin on the ball. 
Therefore, we believe that some of the most important and fundamental characteristics of drive curve shots are a 
smaller angle of attack and a larger vertical movement of the ankle joint at the point of impact, as compared to 
normal curve shots. 
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1. Introduction 
measurement and analysis of kicking techniques [1, 2, 3]. Moreover, many different types of kicks are 
seen in soccer, such as powerful straight shots or curve shots aimed at the goal from free kicks or corner 
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kicks. Ball impact techniques have improved in recent years and various impact points and swing 
movements have come into play. Additionally, more complex curve shots have been devised and brought 
into action. For instance, some top players also use the knuckle shot, which is aimed at the goal without 
much intentional spin. These non-spinning shots undulate and dip as a result of the excitation of the 
shots [4, 5, 6] -front curve kicks, topspin is sometimes applied 
aside from sidespin. This technique of intentionally applying topspin to a ball is a very distinct one, and 
involves a shot that dips while bending more than a traditional curve shot, a so-called drive curve shot. 
To date, few studies have been conducted on the kicking movement and ball impact characteristics of 
drive curve shots, and their technical mechanism has not been revealed. The main reason for this is that 
the number of soccer players who can intentionally deliver a drive curve shot is limited. Moreover, even 
when they can make this shot, their success rate is usually low. 
In this study, we used four high-speed video cameras to film the swing movements of the kicking legs 
of university soccer players who were able to kick drive curve shots and compared these to curve shots 
and straight shots. We also investigated the swing characteristics of the kicking leg in the drive shot 
movement. We analyzed the swing course of the kicking leg at the point of ball impact, and attempted to 
elucidate the characteristics of the drive curve shot. 
2. Methods 
The subjects (all right-footed) were five university soccer players considered to have comparatively 
high levels of competency in the drive curve shot technique (21.6 ± 1.3 years, 1.76 ± 0.03 m, 67.2 ± 4.2 
kg). Each subject was asked to kick 10 topspin balls (drive curve shots) toward the goal, bringing the total 
to 50 shots. The kicks were visually observed and analyzed using the video footage by three coaches with 
over 10 years of licensed coaching experience. These coaches considered five trials to be remarkable, 
landing in the middle of the goal (one trial per subject). Although the main focus of this study was the 
analysis of the drive curve shot, for comparison, we also analyzed 5 straight shots by an instep kick and 5 
curve shots by an in-front kick (one trial per subject). 
Fig. 1  Diagram of experimental setup.  
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For the experiment, the subjects were fitted with 18 markers (diameter: 10 mm) at the following
anatomical points: the first thoracic vertebra, third lumbar vertebra, left and right acromia, left and right
elbow joints, left and right wrists, left and right great trochanters, left and right knee joints, left and right 
ankles, left and right heels, and left and right toes. However, for this study, we focused on the kicking
foot and conducted the investigation based on the kicking. The ball used was a Tango 12 (Adidas,
diameter: 0.220 m, weight: 0.430 kg, internal pressure: 0.9 kgf/cm2).
The ball was placed at a position 25 m in front of the goal. Each attempt was filmed using a total of 
four cameras, with the ball impact filmed by two high-speed video cameras (Fastcam of Photron Limited,
second 2 m above, and two semi-high speed cameras (EX-F1 of Casio Computer Co., Ltd., Tokyo, Japan;
subject (Figure 1).
Fig. 2 Definitions of angle of attack and axis of rotation.
Using the digitized coordinate values (x direction) from the high-speed and semi-high-speed camera 
images on the kicking leg side, we used a first-order differential equation to calculate the ball velocity and 
horizontal velocity for each joint of the kicking leg. We also enlarged the images obtained from the semi-
high- ) from the left
tilting angle against the white reference line applied on the ball. Using the high-resolution high-speed
camera (1000 fps) images, we also calculated the translational displacement (x and y direction) of the
ankle joint, the horizontal velocity (posterior/anterior, medial/lateral), and the angle of attack of the
kicking leg in the impact course. The angle of attack is the angular difference between the face vector 
(direction of the impact) and the swing vector (direction of the swing) [6] (Figure 2). The face vector is 
defined as the line bisecting (at 90°) the straight line connecting the markers on the toe and the heel of the
kicking leg. A marker was placed on the virtual line connecting the toe and the heel, and when the heel
could not be observed, the analysis used this marker as the reference.
3. Results and Discussion
Figure 3 shows a series of side-view images at the ball impact times for a straight shot, curve shot, and
drive curve shot. They show that in a straight shot (a), the ankle joint displays a comparatively 
plantarflexion movement, whereas in a curve shot (b), the impact occurs with the ankle joint making an
L-shaped dorsiflexion movement. These results are similar to the one found in prior research [7]. In the 
drive curve shot (c), a slight L-shaped dorsiflexion movement at the point of impact, similar to the curve
shot, is observed in the ankle joint, and the ball is hit with an ankle joint orientation that more closely
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resembles the orientation in a curve shot than that in a straight shot. Moreover, the difference in the foot
heights measured from the center of the ball at the point of ball impact between the drive curve shot (d2)
and the curve shot (d1) was approximately 10 mm (s.d. ± 2). When compared to the curve shot, the
impact made by the drive curve shot is a little above the center of the ball, while the kicking leg is level
with the ground surface. The same tendency was seen in other subjects. However, individual differences
were observed in the orientation of the foot at the point of ball impact, and it can be inferred that impact 
methods not measured in this study exist for the same drive curve shot. A detailed study of the ball-foot 
contact (e.g., impact position, ball deformation, etc.) is required to further analyze these impact methods.
Fig. 3 Sample images of angle of metatarsal at ball impact from side view (a: straight shot, b: curve shot, c: drive curve shot).
In addition, to examine the orientation of the kicking leg, we measured the angle ( ) of the combined 
first and fifth metatarsals of the kicking leg at the point of their impact with the ball. The angles found
were 40.8° (s.d. ± 8.6) for the straight shot, 29.3° (s.d. ± 5.9) for the curve shot, and 21.8° (s.d. ± 3.6) for 
the drive curve shot (Table 1). These results show that the drive curve shot angle is smaller than that for a
general curve shot, with an orientation closely resembling that of an inside kick.
Table 1. Velocity of ball; angle of axis of rotation; V-axis revolution number of ball; angle of metatarsal; and angle of attack
during straight, curve, and drive curve shots.
Figure 4 shows a representative example of the translational displacement of the ankle joint during ball
impact. The side view (Figure 4a) shows a downward movement of 12 mm in the straight shot, an upward 
movement of 14 mm in the curve shot, and an upward movement of 32 mm in the drive curve shot. The
vertical displacement (z direction) in the drive curve shot is higher than that in a general curve shot. In the
top view (Figure 4b) on the other hand, the displacement directions for the curve shot and the drive curve
shot toward the outside of the swing, whereas the mediolateral displacement (y direction) in the drive
curve shot is smaller than that in a general curve shot. The mediolateral displacement (x direction) of 49
mm for the curve shot is higher than the 7 mm for the straight shot and 31 mm for the drive curve shot.
These are similar to the results found in prior research related to curve shots [6]. In the drive curve shot, 
the mediolateral displacement of the ankle joint was observed to be small, whereas the vertical
displacement was large. Based on this, compared to a general curve shot, the drive curve shot had the
characteristic of a medial upward movement of the ankle joint during impact.
Velocity of ball
(m/s)
Angle of axis of 
rotation (°)
V-axis revolution 
number of ball (r/s)
Angle of 
metatarsal (°)
Angle of 
attack (°)
straight shot 26.8 ± 0.4 86.1 ± 2.2 1.0 ± 0.4 40.8 ± 8.6 23.6 ± 4.0
curve shot 25.9 ± 0.8 16.4 ± 11.7 7.6 ± 1.6 29.3 ± 5.9 47.9 ± 6.2
drive curve shot 25.4 ± 0.7 36.3 ± 9.1 6.8 ± 2.3 21.8 ± 3.6 43.3 ± 10.3
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Fig. 4  Sample images of ankle joint displacements during ball impact from side view (a) and top view (b). 
  
Figure 5 shows representative examples of the angle of attack between the face vector and the swing 
vector during impact for each shot. This angle of attack is thought to be related to the rotational force 
generated by the foot at the contact surface with the ball. The average values for the angle of attack 
during impact for each shot are 23.7° (s.d. ± 4.1) for the straight shot, 47.9° (s.d. ± 6.3) for the curve shot, 
and 43.3° (s.d. ± 10.3) for the drive curve shot. These are similar to the results found in prior research 
related to curve shots [6]. 
Fig. 5  Samples of face and swing vectors at ball impact (a: straight shot, b: curve shot, c: drive curve shot). 
 
 In addition, the average vertical rotational axis angles for each shot are 86.1° (s.d. ± 2.1) for the 
straight shot, 16.4° (s.d. ± 11.7) for the curve shot, and 36.3° (s.d. ± 9.1) for the drive curve shot (Table 
1). This shows that the largest angle was found for the straight shot, and the drive curve shot had a greater 
value than a general curve shot. Based on these results, we think that a relatively higher degree of topspin 
is applied to the drive curve shot than to the curve shot. We can furthermore infer that applying this kind 
of topspin to the ball is one of the fundamental mechanisms used to produce a drive curve shot with a 
greater drop than a general curve shot.  
 
 
4. Conclusion 
In this study, we compared the kicking leg movement when performing a topspin drive curve shot with 
the movements for a curve shot and a straight shot using four high-speed cameras. In the drive curve shot, 
the ankle joint movement at the point of ball impact displayed less mediolateral (y direction) movement 
but more vertical movement (z direction) than a curve shot. The angle of attack in the drive curve shot at 
254   Sungchan Hong et al. /  Procedia Engineering  60 ( 2013 )  249 – 254 
the point of impact was smaller than that found in the curve shot. The vertical-rotation-axis angle was 
larger in the drive curve shot than in the other shots. 
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